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FOREWORD 
This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by Textile Speciality 
Chemicals and Dyestuffs Sectional Committee had been approved by the Textile Division Council. 
The revival of natural dyes has been for two reasons: 
a) Due to the harmful effect of synthetic dyes globally safer natural dyes are being preferred, and 


b) Ban of Azo dyes has also brought back natural dyes in limelight. Natural dyes are being used extensively 
for dyeing of cotton, silk and wool substrate. 


Thus, natural Indigo dye has its own characteristics, being a natural dyestuff and its method of use in dyeing 
these textile substrates. It is a vat dye. In order to achieve optimum quality with minimum lot to lot variation and 
variations in dyeing due to same dye of different manufacturers, it is essential to standardize and identify this 
natural dyestuff. This will also lead to minimize cost benefit ratio and help the user to adjust his dyeing or printing 
recipes suitably. Depending on the level of impurities present in the natural dyestuff, it may differ in: 

a) ease of reduction, 

b) affinity of the sodium salt of the leuco vat dye towards cellulose, 

c) ease of dissolution of the leuco vat in alkali, 

d) rate and extent of the dye uptake by cellulose, 

e) ease of re-oxidation of the sodium salt of the leuco vat dye into original vat dye, 

f) stability of the dye, and 

g) ability to respond towards certain after treatments, such as soaping at the boil. 
Natural Indigo dye is used extensively for dyeing and printing and produces bright blue shades on cotton, silk 
and wool with all round fastness properties. It has strong affinity and leveling properties on cotton, silk and wool. 


It is for the first time that the standard for natural dyestuff natural Indigo dye has been written, it is mainly for the 
ease of buyers, seller and users of this natural dyestuff. Standardization and identification method will bring all the 
major parameters under scan and match. The main intention of this specification is to identify the natural dyestuff 
from the synthetic analogue which is usually used as adulterant for cost modification and color enhancement 
purposes. 


The composition of the Committee responsible for the formulation of this standard is given at Annex J. 


In reporting the results of a test or analysis made in accordance with this standard, if the final value, observed or 
calculated, is to be rounded off, it shall be done accordance with IS 2 : 1960 ‘Rules for rounding off numerical 
values (revised )’. 
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Indian Standard 


TEXTILE DYESTUFFS — NATURAL INDIGO — 
IDENTIFICATION 


1 SCOPE 


This standard prescribes test method and identification 
requirement of dried/ aqueous extract of natural 
indigo dye and indigo dyed textiles. The detection and 
identification of synthetic indigo and natural colorant 
indigo are conducted using kit method given in Annex 
A. Confirmatory tests can be carried out through Thin 
Layer Chromatography (TLC), High Performance 
Thin Layer Chromatography (HPTLC) and High 
Performance Liquid Chromatography (HPLC) by 
chromatographic techniques as given in Annex B, C 
and D as well as by UV-Visible, Fourier Transform 
Infrared Spectroscopy (FTIR) and Nuclear Magnetic 
Resonance (NMR) spectroscopic techniques as given in 
Annex E, F and G. The method for extraction of natural 
indigo dye from dyed swatches is given in Annex H. 


2 REFERENCES 


The following standard contain provisions which, 
through reference in this text, constitute provisions of 
this standard. At the time of publication, the edition 
indicated were valid. All standard is subject to revision 
and parties to agreements based on this standard is 
encouraged to investigate the possibility of applying 
the most recent edition of the standard indicated below. 


IS No. 
11636 : 1986 


Title 


Method of determination of 
strength of indigo in substance 


3 TERMS AND DEFINITONS 


3.1 Indigo — Indigo is the most popular natural dye 
which is widely used throughout the world. The plant 
used is Indigofera tinctoria which belongs to family 
Fabaceae. The entire denim industry is using indigo 
dye. Structurally very simple, its chemical formula 
is C, H ,, N, O, It is not water soluble to begin 
with, however its leuco vat is water soluble and can 
penetrate the fabric while dyeing. Other indigo-bearing 
plants include several species of /ndigofera, Japanese 
indigo (Persicaria tinctoria), woad (Isatis tinctoria), 
dyer’s oleander (Wrightia) and Strobilanthes. It is 
commercially grown in India, El Salvador, Vietnam 
and some other countries. 


The chemical structure of indigo is as given below: 


O 


H 
N 


N 
H 
[e] 
Indigo 


3.2 Natural Colour — Colorants from natural origin, 
particularly materials obtained from plant parts-stem, 
and leaves, extracted without any chemical reaction 
primarily used in textiles for dyeing or printing. 


4 PRINCIPLE 


Natural colorants are usually never a single compound, 
they are composed of several compounds which 
are structurally similar, each of them having their 
characteristic bonding with the fabric based on 
their structure uniqueness. Their contribution in the 
total colorant may vary. Therefore, the analysis of 
these individual components can be carried out by 
chromatographic and spectroscopic techniques. The 
authenticity of the natural colorant can be established 
by these techniques very clearly. Thus natural indigo 
can be easily differentiated from synthetic indigo. 
NOTE — Synthetic indigo is molecule from synthetic origin it 
is structurally similar to the indigo tin present in natural indigo. 
However very discrete differences in the chromatograms and 
spectra of the two can be observed. 


5 PROCEDURE 


5.1 Preparation of Natural Indigo and Synthetic 
Indigo Samples 


Stock solutions of natural indigo and synthetic 
indigo samples are prepared in methanol containing 
1.000 mg/l. These solutions are further used after 
dilution if necessary, for chromatographic and 
spectroscopic analyses. 
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5.2 Analysis 


The general physical parameters of the natural indigo 
dye are as given below: 


a) Appearance : Fine powder 
b) Color : Dark blue 
c) Odour : Characteristic 


d) Solubility 
Chloroform 


Insoluble in water, soluble in 


€) Indigotin content : 40-50 Percent. 


Method for determination of Indigo tin content is 
described in IS 11636 : 1986. 


The detection and identification of synthetic indigo and 
natural indigo are conducted using kit method given in 
Annex A, TLC, HPTLC and HPLC by chromatographic 
techniques as given in Annex B, C and D as well as by 
UV-Visible, FTIR and NMR spectroscopic techniques 
as given in Annex E, F and G. The method for extraction 
of natural indigo dye from dyed swatches is given in 
Annex H. 


5.3 Qualification and Identification of Indigo 


Comparison between analyses of standard synthetic 
indigo and natural indigo through 5.4 could show the 
results of discrete differences in standard and natural 


indigo sample. The specific tests to be conducted are 
given in Table 1. 


6 REPORT 


The report shall include the following information: 
a) Name of the natural dye tested; 
b) Test method used; and 
c) Identification of the natural source. 


7 CHECK OF THE ANALYTICAL SYSTEM 


A check of the procedure of analysis and instrument/ 
equipment is also essential. HPTLC, HPLC, UV- 
Visible spectrophotometer, FT-IR spectrometer and 
NMR spectrometer must be checked before the analysis 
of the sample. 


8 VALIDATION OF THE METHOD 


Method validation and calibration is carried out using 
authentic and standard natural dye for UV-Visible 
spectrophotometric analysis. 


a) Reliability of the method; 
b) Repeatability; and 
c) Comparability. 


Table 1 Specific Tests Recommended for Identification of Natural Indigo 
( Clause 5.3) 


SI No. Test Type of Test Annex No. 
1) Kit test for identification of natural indigo Preliminary test Annex A 
ii) Chromatography tests 
a) Thin Layer Chromatography (TLC) Mandatory test Annex B 
b) High Performance Thin Layer Optional test* Annex C (See NOTE) 
Chromatography (HPTLC) 
c) High Performance Liquid Chromatography Optional test * Annex D (See NOTE) 
(HPLC) 
ili) Spectroscopy tests 
a) UV-Visible Spectroscopy Confirmatory test Annex E 
b) FT-IR Spectroscopy Optional test* Annex F (See NOTE) 
c) NMR Spectroscopy Optional test* Annex G (See NOTE) 


NOTE — HPTLC, HPLC, FT-IR and NMR may be done instrumentally, wherever facilities are available. 
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ANNEKA 


( Clause 1 and 5.3) 
KIT TEST FOR IDENTIFICATION OF NATURAL INDIGO 


A-1 PRINCIPLE 


The dissolution of the two indigo dyes in different 
polarity solvents would bring out the difference 
and distinction. The natural indigo bearing different 
contaminants dissolves in water layer better, 
whereas, the purer synthetic indigo dissolves well in 
dichloromethane (DCM)/ chloroform solvent. 


A-2 APPARATUS 

A-2.1 Test Tubes 

A-2.2 Test Tube Holder 

A-3 REAGENTS 

A-3.1 Water 

A-3.2 Dichloromethane/ Chloroform 
A-3.3 Natural Indigo Dye 

A-3.4 Synthetic Indigo Dye 


A-4 PROCEDURE 


Dissolve the natural and synthetic indigo in two solvent 
systems: 


a) In water alone as shown in Fig.1A, the natural 


indigo (NI) shows better solubility in water as 
compared to synthetic indigo (SI). 


b 


wm 


In the second system as shown in Fig. 1B where 
water and dichloromethane have been used as 
binary solvent system (water is the upper layer 
and DCM is lower layer), the natural indigo dye is 
found to be more soluble in aqueous (water layer) 
layer as shown in Fig. 1B, while the solubility of 
synthetic indigo is more in the DCM layer. 


A-5 OBSERVATION 


Fic. 1A Dyes DISSOLVED IN WATER ONLY 


Fic. 1B Dyes SUSPENDED IN WATER & Dcm 


A-6 CONCLUSION 


Easy and readily soluble nature of the indigo dye in 
water is an indication that it is natural while good 
solubility in dichloromethane solvent is an indication 
that the dye sample is synthetic indigo. Thus, it can 
be concluded that the upper layer containing synthetic 
indigo (due to poor solubility in water) was clearer than 
the upper layer containing natural indigo (fair solubility 
in water). 
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ANNEX B 
( Clause 1 and 5.3 ) 


CHROMATOGRAPHIC ANALYSIS 
THIN LAYER CHROMATOGRAPHY 


Although three different chromatographic tests are 
proposed to identify the natural indigo from synthetic 
indigo, the thin layer chromatographic method should 
be conducted as mandatory test. 


B-1 PRINCIPLE 


TLC is also used to support the identity of a compound 
in a mixture when the R,of a compound is compared 
with the R, of a known compound (preferably both run 
on the same TLC plate). Natural and synthetic indigo 
dyes are compared on TLC. 


B-2 APPARATUS 

B-2.1 Silica Coated TLC Plates 

B-2.2 TLC Elution Chamber 

B-2.3 TLC Iodine Chamber 

B-2.4 Electronic Balance 

B-2.5 Spatula 

B-2.6 Sonicator, to be set at (45 + 2) °C 


B-2.7 Measuring Cylinder 
B-3 REAGENTS 

B-3.1 Natural Indigo Dye 
B-3.2 Synthetic Indigo Dye 
B-3.3 Ethyl Acetate 

B-3.4 Hexane 

B-3.5 Dichloromethane 


B-4 PROCEDURE 


Prepare indigo samples (0.01 gm of indigo sample in 
20 ml of solvent) by dissolving in solvents such as 
ethyl acetate or dichloromethane. The prepared sample 
is agitated in sonicator, a mechanical agitating device 
used for dissolution of indigo dye molecules for 5 min 
for complete dissolution of the indigo samples. The 
solution is then spotted on silica gel coated plate for 
elution. TLC plate was eluted using 50 percent Ethyl 
acetate (EtOAc)/Hexane (1:1) as suitable eluant system 
for indigo dyes. The spots were visualized in visible light 
as well as in iodine chamber. The possible constituents 
of the extracts can be identified by comparing TLC 
data, that is, color of the spot and R, values of natural 
indigo and synthetic indigo. 


B-5 OBSERVATION 


R,on In In Comment 
the TLC | Synthetic | Natural | (Describing 
Plate Indigo Indigo Difference with 
Reason) 
in SO0|Rf 4 0.66| RÉ 0.65 | Main indigo 
percent|(Bluish|(Bluish | spot more 
EtOAc/ | pink spot) | pink spot) | prominent in 
Hexane synthetic indigo 
Rf 0O0.45!Rf O0.45|Red spot in 
(red spot) | (red spot) | natural indigo 
Very faint | 4PPears is darker but 
f o ri|fades off after 
sometime | sometime about 
and then | 10-15 min 
fades (this is due to 
presence of very 
small quantities 
of  iso-indigo, 
which is red 
in color) in the 
case of natural 
indigo 


B-6 CONCLUSION 


Colour of the spot and R, values of natural indigo and 
synthetic indigo are matched as shown above. Red 
spot fades after 15 min in the case of natural indigo. 
Red spot is present more apparently in natural than 
synthetic. The blue spot predominates in synthetic 
indigo by shown by the intensity of the spots. 


Pink 


Fic. 2 TLC SHows A-NATURAL ÍNDIGO, 
B-SyYNTHETIC INDIGO 
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ANNEX C 
( Clause 1 and 5.3) 


ANALYSIS OF NATURAL INDIGO COLORANT BY HIGH PERFORMANCE 
THIN LAYER CHROMATOGRAPH (HPTLC) 


C-1 PRINCIPLE 

C-1.4 HPTLC imaging system and densitometer 
scanner are used for identification of natural indigo. 
Natural indigo and synthetic indigo both can be used. 
Dissolve samples in appropriate solvents and apply on 
precoated silica gel plates by the HPTLC applicator. 
Afterwards, the plates shall be developed in a solvent 
system which provide very efficient separation of the 
chemical components. 

C-1.2 Finally the plates are documented by the 
imaging system; developed chromatogram of the same 
detected by the densitometer with a light beam of 
visible light and UV ranges of 254 and 366 nm results 
in very distinctive features. As an additional measure 
to highlight the bands and their intensity, derivatization 
with a reagent: Natural Product Reagent A (NPRA) 
may also be used. 

C-2 APPARATUS 

C-2.1 Imaging System 

C-2.2 Densitometer 

C-2.3 Sonicator, to be set at ( 4522) °C 

C-2.4 Measuring Cylinder 

C-2.5 Electronic Balance, resolution at 0.0019 

C-2.6 Spatula. 

C-3 REAGENTS 

C-3.1 Natural Indigo Dye 

C-3.2 Synthetic Indigo Dye 

C-3.3 Light Petroleum Ether 

C-3.4 Ethyl Acetate 

C-3.5 Formic Acid 

C-3.6 Hexane 

C-3.7 Chloroform 


C-3.8 Precoated Silica Gel Plates HPTLC Silica 
Gel 60 F254 


C-3.9 Natural Product Reagent A (NPR A). 
C-4 PROCEDURE 


C-4.1 Prepare the Sample by the Given Method 


Prepare natural indigo and synthetic indigo as 
0.2 percent solution in ethyl acetate with 3-5 drops of 
chloroform, sonicated for 2 min in sonicator and filtered 
through filter paper and used for analysis. Apply 40 ul 
samples for natural indigo and synthetic indigo. 


C-4.2 Solvent System Used 


Use the following solvent system for elution of the 
plates : light petroleum ether : ethyl acetate : formic 
acid in the ratio of 7.5 ml : 2.5 ml : 120 ul. Carry out 
one dimensional study with single run, double run and 
then two dimensional study of the eluted plates. 


Derivatization of the eluted plates by Natural Product 
Reagent A (0.1 percent in EtOH) applied with sprayer 
SGel. 


C-4.3 Stationary Phase 

Precoated HPTLC silica gel 60 F254 plates (Size 20 cm 
x 10 cm, 10 cm x 10 cm). 

C-4.4 Mobile Phase I 


Light petroleum ether : formic acid 


(7.5 ml: 2.5 ml: 100 ul). 


ethyl acetate : 


C-4.5 Mobile Phase II 
CHCI, : hexane : formic acid (8:2:1). 


C-4.6 Development 


Saturated chamber. 
C-4.7 Chamber Saturation : 10 min. 
C-4.8 Development Distance : 80 mm. 


C-4.9 Use silica gel 60 F254 for the stationary phase and 
for the mobile phase use light petroleum ether : ethyl 
acetate : formic acid (7.5 : 2.5 : 1.0) in first run (single 
dimensional run). The 2-Dimensional experiment to be 
done with light petroleum ether : ethyl (7.5 : 2.5 : 1.0) 
followed by CHCI, : hexane : formic acid (8 : 2:1) in 
the second run. Sample size to be loaded are : 40 ul 
for natural indigo (NI) sample in single dimension run; 
Similarly, 40ul in 2-dimensional experiment, while for 
synthetic indigo, use (SI) 40ul. 
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C-5 OBSERVATION 


C-5.1 In One Dimensional Study, Following Obser- 
vations Can be Made 


A very prominent pink band can be seen in natural 
indigo (NI) at Rf 0.45 under visible illumination as 
shown in Fig. 3, which is missing in synthetic indigo. 
A weak blue band with a lower pink band at Rf 0.48. 


br A 4 
NE Fey 


FiG. 3 ONE DIMENSIONAL SEPARATION NI AND 
SI UNDER VISIBLE LiGHT SHOWS PINK Spot IN NI 


C-5.2 A weak blue band with a lower pink band at Rf 
0.48 in NI, while SI has a very intense blue band at that 
Rf under 366 nm illumination as shown in Fig. 4A. 


C-5.3 An intense pink band at Rf for NI at 0.35, while 
in SI there is a weak bluish band at that R,as shown in 
Fig. 5A. 


C-5.4 An intense fluorescent blue band after treatment 
with NPR A can be seen in NI at R,0.03 while in SI a 
similar band appears a bit higher at Rf 0.10 as shown 
in Fig. 5B. 


C-5.5 Use of Natural Product Reagent (NPR A) 
as derivatization makes band more prominent and 
fluorescent. 


C-5.6 Very brilliant bands appear in SI after 
derivatization near R, 0.1 and 0.15. 


C-5.7 In NI new fluorescent band appears just above 
the point of spotting as shown in Fig. 5B. 


C-5.8 The top pink band of NI disappeared after 
derivatization as seen in Fig. 5B. 


Fic. 4A AND 4B ONE DIMENSIONAL SEPARATION NI AND SI (1sr RUN) AND 
NI AND SI (2ND Run) UNDER UV 366 NM ILLUMINATION 


Fic. 5A AND 5B ONE DIMENSIONAL SEPARATION WITH 60 ML NI AND SI AFTER SPRAYING NPR 
A UNDER UV 366 NM ILLUMINATION, THE RF SCALE WAS PLACED WITH PROVIDOC 


C-5.9 Densitometer Analysis of Indigo Samples 


The parameters of densitometer were as follows: 
a) Start coordinate X: 20.0 mm 
b) Start coordinate Y: 10.0 mm 
c) End coordinate Y: 50.0 mm 
d) Slit width: 4.00 mm 
e) Slit height: 0.10 mm 
f) Wavelength: 366 nm 
g) Distance of the lanes: 15.0 mm 
h) Filter position: 420 nm 
j) Evaluation mode: Fluorescence Lamp: Mercury 


The chromatogram of natural indigo is shown in Fig. 6. 
Initially, three main peaks can be seen at hRf 13, 35 and 
74. However, after modification five peaks were obtained 
at hRf 13, 31, 35, 58 and 74 which correspond to the 
blue band, pink band, violet band, bluish red band and 
pink band. But after derivatization with NPR A, the hRf 
changed to 3, 14, 46 and 54 and thus it is proven that the 
pink band appearing at hRf 74 is completely quenched. 


The chromatogram of synthetic indigo is shown 
in Fig. 7. Initially, three main peaks can be seen 
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at hRf 8, 13 and 32. However, after modification 
five peaks were obtained at hRf 8, 13, 31, 34 and 
39 which correspond to the blue band, pink band, 
violet band, bluish red band and pink band. But after 
derivatization with NPR A, the hRf changed to 9, 20, 
28, 33, 38 and 45 which correspond to blue band, 
faded blue band, faded blue band, overlayed of pink 
band and blue band, very thin blue band and blue 
band, respectively. 


C-6 CONCLUSION 


Similarly, in indigo samples with the help of the 
imaging system very distinctive features are observed 
for natural indigo and synthetic indigo. Appearance of 
a pink spot in NI at 0.45 Rf under visible illumination 
is a diagnostic feature of this analysis as synthetic 
indigo does not show that spot. The solvent ether : 
ethyl acetate : formic acid developed for the method 
seems very appropriate for very efficient separation of 
the chemical components. Furthermore, densitometer 
analysis substantiate the results of the imaging system. 
The Rf values matches with the bands . Derivatization 
with NPR A make more distinctive differences among 
the two indigoid samples. 


"ZI JES De IM ILI 


Fic. 7 CHROMATOGRAM OF SYNTHETIC INDIGO AFTER DERIVATIZATION WITH NPR A 
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ANNEX D 
( Clause 1 and 5.3) 


IDENTIFICATION OF NATURAL INDIGO DYE WITH 
SYNTHETIC INDIGO BY HPLC METHOD 


D-1 PRINCIPLE 


Identification of compounds by HPLC is a crucial part 
of any HPLC assay. In order to identify any compound 
by HPLC a detector must first be selected. UV detector 
may be selected and set to optimal detection setting 
and develop a separation assay. The parameters of this 
assay shall be made to be such that a clean peak of the 
both the samples are observed from the chromatograph. 


D-2 APPARATUS 

D-2.1 HPLC Machine 
D-2.2 Diode Array Detector 
D-2.3 C-18 Column 

D-2.4 Electronic Balance, Resolution at 0.0019 
D-2.5 Spatula 

D-2.6 Micro Syringe 

D-3 REAGENTS 

D-3.1 Methanol 

D-3.2 Ethyl Acetate 

D-3.3 Natural Indigo Dye 


D-3.4 Synthetic Indigo Dye 


NOTE — All solvents used should be HPLC grade only. 


D-4 PROCEDURE 


D-4.1 The Samples are Prepared in the Following 
Manner 


The two indigo dyes are weighed separately (0.1gm) in 
1000 ml of methanol and 10 pl ofthe prepared solution 
shall be injected to the C-18 reverse phase column and 
eluted through column. The base line shows response 
within a run of 10 min for natural indigo and synthetic 
indigo. The experimental conditions are as following: 


D-4.2 Eluent : 
Isocratic 


Methanol: Ethyl acetate (65:35), 


D-4.3 Stationary Phase : Column C18, 150 x 4.6 mm 
D-4.4 Flow Rate : 1.0 ml/min 


D-4.5 Detection Wavelengths : 255 nm (band width 
16 nm) 


D-4.6 Pump Pressure : 15 MPa 


D-4.7 Due care to be taken to identify peak so that a 
reasonable retention time and well separated from 
extraneous peaks at the detection levels. Clear 
observation can be made from the two indigo samples 
as seen in the two chromatographs given below. The 
Synthetic indigo shows a double peak at 2.8 min and 
the main peak at 3.1 min, while natural indigo shows 
retention time at 2.8 min (showing a concentration 
of 0.020) this is the most prominent peak, however, 
the later also shows the presence of biotic impurities 
which co-extract with natural indigo showing peaks at 
3.2 (0.015 conc) and 3.5 min as well. 


Run Time: 9 min, Sample prepared in CHCl3, Chromatogram taken at 280 nm 


2.00 


4.00 


6.00 8.00 


Minutes 


FiG. 8 CHROMATOGRAM OF NATURAL INDIGO 
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Run Time: 9 min, Sample prepared in CHCls, Chromatogram taken at 280 nm 
0.01 


0.01 


AU 


0.00 


0.00 e = 


| 
6.00 8.00 


| 1 1 1 | 1 1 1 | 
0.00 2.00 4.00 
Minutes 


Fic. 9 CHROMATOGRAM OF SYNTHETIC INDIGO 


D-5 OBSERVATION 


Peak In Synthetic Indigo In Natural Indigo Comment 

Reading at (Describing Difference with Reason) 
(nm) 

280 nm Synthetic indigo shows | RT-2.8 min The natural indigo shows retention time 


a double peak at 2.8 min 0.020 conc., 3.2 and 3.5 at 2.8 min (showing a concentration 
(0.008 conc.) and the | nin of 0.020) prominent peak is of indigo 
main peak at 3.1 min tin. Presence of higher amount of 
indigorubin in natural indigo is clearly 
indicated by HPLC 


D-6 CONCLUSION 
small peak for indigotin as compared to synthetic 


Natural indigo and chemical indigo show clear  indigo due to higher purity content in the latter, this 
differences in their characteristic peaks and their is a mark of identification between natural indigo and 
retention times. Natural indigo will always be showing synthetic indigo. 
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ANNEX E 
( Clause 1 and 5.3 ) 
IDENTIFICATION OF NATURAL INDIGO BY UV - VIS SPECTROSCOPIC METHOD 


E-1 PRINCIPLE 


When sample molecules are exposed to light having 
an energy that matches a possible electronic transition 
within the molecule, some of the light energy will 
be absorbed as the electron is promoted to a higher 
energy orbital. An optical spectrometer records the 
wavelengths at which absorption occurs, together 
with the degree of absorption at each wavelength. The 
resulting spectrum is presented as a graph of absorbance 
(A) versus wavelength. 


Many molecules absorb ultraviolet or visible light. The 
absorbance of a solution increases as attenuation of the 
beam increases. Absorbance is directly proportional 
to the path length, 5, and the concentration, c, of the 
absorbing species. Beer s Law states that 


A= €bc 


Where, € is a constant of proportionality, called the 
absorbtivity. 


Different molecules absorb radiation of different 
wavelengths. An absorption spectrum will show a 
number of absorption bands corresponding to structural 
groups within the molecule. Thus the absorption spectra 
(optical density) of a particular dye at a particular 
wavelength is maximum. 


E-2 APPARATUS 


E-2.1 Ultra Violet —Visible Spectrophotometer 
Machine 


E-2.2 Quartz Sample Tube (Cuvette) Having 1.00 
cm Light Path 


E-2.3 Electronic Balance, Resolution at 0.0019 


E-2.4 Spatula 
E-3 REAGENT 


E-3.1 Natural Indigo Dye 
E-3.2 Synthetic Indigo Dye 
E-3.3 Sulphuric Acid 


E-3.4 Dichloromethane 
NOTE — All reagents shall be of analytical purity. 


10 


E-4 PROCEDURE 


E-4.1 Weigh separately, the two indigo dyes (0.1gm) 
in 1 000 ml dichloromethane and scanned through 
UV-Visible spectrometer. For visible spectrum the 
prepared solution 1s used and for UV spectrum the 
solution is further diluted by 5 times. Identification 
of the dye by this method involves an empirical 
comparison of the details of the spectrum that is, 
lamda maxima (optical density) of natural indigo 
and synthetic indigo and the characteristic peaks are 
matched. 


E-4.2 The functioning of this instrument is relatively 
straightforward. A beam of light from a visible and / 
or UV light source (colored red) is separated into its 
component wavelengths by a prism or diffraction 
grating. Each monochromatic (single wavelength) 
beam in turn is split into two equal intensity beams 
by a half-mirrored device. One beam, the sample 
beam (colored magenta), passes through a small 
transparent container (cuvette) containing a solution of 
the compound being studied in a transparent solvent. 
The other beam, the reference (colored blue), passes 
through an identical cuvette containing only the 
solvent. The intensities of these light beams are then 
measured by electronic detectors and compared. The 
intensity of the reference beam, which should have 
suffered little or no light absorption, is defined as 10. 
The intensity of the sample beam is defined as 1. Over 
a short period of time, the spectrometer automatically 
scans all the component wavelengths in the manner 
described. The ultraviolet (UV) region scanned is 
normally from 200 to 400 nm, and the visible portion 
is from 400 to 800 nm. 


E-4.3 UV Calibration 
Determination 


Method for Indigo 


Calibration curve is done by using various amount of 
standard indigo, obtained by dissolving 8 mg of the 
standard indigo in 20 ml of sulphuric acid (H,SO,) and 
diluted to 500 ml with distilled water. The solution is 
then diluted to different concentration with the H,SO, 
solution (H,SO,: distilled water 1:24) and measured 
the absorbance at 611 nm. The strength of the natural 
indigo shall be determined by the UV calibration 
method given below. 
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indigotine new Syn Indigo std.fqc Calibration Graph 


Absorbance 


0 1 


2 3 4 5 6 7 8 9 9 
Concentration 


Quadratic Coefficient 0.999820 


Fic. 10 CALIBRATION CURVE OF INDIGOTIN 


E-5 OBSERVATION 


Peak Reading 
Received at (nm) 


In Synthetic Indigo | In Natural Indigo Comment 
(Describing Difference with Reason) 


220-295 nm 228 nm (1.18 OD) 293nm(1.425 OD) | The sharpness of the peak at 228 nm is 
very characteristic of synthetic indigo 
605-611 nm 608 nm (0.20 OD) 610 nm (0.201 OD) | The peak shifted from 610 nm is due to 


natural contaminants 


Absorbance 


228nm, 1.180 OD 


293nm, 1.425 OD 


Natural Indigo 


608nm, 0.308 OD 


Synthetic Indigo 


610nm, 0.201 


250 


—— indigo rubia.sre:bioindigo CHCI3 


300 350 400 450 500 550 600 650 700 
Wavelength(nm) 


indigo rubia.sre:syn in meoh 


Fic. 11 UV-VisiBLE SPECTRA OF NATURAL INDIGO AND SYNTHETIC INDIGO 


E-6 CONCLUSION 


Lamda maxima (optical density) of natural indigo and 
synthetic indigo and the characteristic peaks mentioned 
are matched in the spectra. 
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ANNEX F 
( Clause 1 and 5.3 ) 


IDENTIFICATION OF NATURAL INDIGO DYE 
BY FTIR SPECTROSCOPY METHOD 


F-1 PRINCIPLE 


The Infrared spectroscopy (IR Spectroscopy) is 
the subset of absorption spectroscopy. As with all 
spectroscopic techniques, it can be used to identify 
a compound and to investigate the composition of a 
sample. 


F-2 APPARATUS 


F-2.1 Fourier Transform Infrared Spectrophotom- 
eter Machine 


F-2.2 Pellet Press Machine 

F-2.3 Electronic Balance, Resolution at 0.001g 
F-2.4 Spatula 

F-2.5 Oven 

F-3. REAGENT 

F-3.1 Potassium Bromide (Dry) 


F-3.2 Dichloromethane (Dry) 


F-3.3 Natural Indigo Dye 


F-3.4 Synthetic Indigo Dye 


NOTE — All reagents shall be of analytical purity. 


F-4 PROCEDURE 


Samples for FTIR can be prepared in the following 
way: Solid samples of Indigo dyes are milled with dry 
potassium bromide (KBr) to form very fine powder 
mixture. Take a small amount of powder sample (about 
of 0.1-2 percent of the KBr amount, or just enough 
to cover the tip of spatula) mix with the KBr powder. 
Subsequently, grind the mixture for 3-5 min. This 
powder is then compressed into a thin pellet which 
can be analyzed. KBr is also transparent in the IR. 
Alternatively, solid samples can be dissolved in a solvent 
such as dichloromethane, and the solution placed onto 
a single salt plate. The solvent is then evaporated off, 
leaving a thin film of the original material on the plate. 


F-5 OBSERVATION 


Four differences were observed and marked as A, B, C 
and D in the two FT-IR spectra of indigo dyes. 


Peak Reading | In Synthetic Indigo | In Natural Indigo Comment (Describing Difference with 

Received at (cm!) Reason) 

A Sharp peak at 3260 | Broad peak at 3266 | The difference in position and shape of A 
(cm?) (cm?) in natural indigo is due to the glycosidic 

linkages. 

B Several small peaks | Several small peaks | Similar differences are noticed in 
at 1742 (cm) at 1750 (cm) position of B. 

C Double peak | Double peak | C shows doublet in natural indigo where 
with smaller peak | with bigger peak | peak at 1480 cm' and 1459 cm' show 
diff. at 1480 (C), | differences at | larger difference in peak length as 
1458 (cm!) 1482(C), 1459(cmr!) | compared to synthetic indigo 

D D shows doublet in natural indigo while 

synthetic indigo shows a singlet at 
638 cm". 
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aa Daka ah shows a singlet. This testing procedure confirms that 


The doublet in natural indigo where peak at 1480 cm! the product showing sharp peaks represent synthetic 
and 1459 cm' show larger difference in peak length indigo while peaks showing doublet are characteristic 
as compared to synthetic indigo, and another doublet of natural indigo. These shall always be present in 
at 638 cm” in natural indigo, while synthetic indigo natural indigo sample. 


Bio-Indigo 
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Fic. 13 FTIR SPECTRA OF SYNTHETIC INDIGO 
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ANNENG 
( Clause 1 and 5.3) 


IDENTIFICATION OF NATURAL INDIGO DYE 
BY NMR SPECTROSCOPY METHOD 


G-1 PRINCIPLE 


The nuclear magnetic resonance spectroscopy, 
commonly referred to as NMR, has become the 
preeminent technique for determining the structure of 
organic compounds. Of all the spectroscopic methods, 
it is the only one for which a complete analysis and 
interpretation of the entire spectrum is normally 
expected. An NMR spectrum is acquired by varying or 
sweeping the magnetic field over a small range while 
observing the rf signal from the sample. An equally 
effective technique is to vary the frequency of the rf 
radiation while holding the external field constant. 


G-2 APPARATUS 


G-2.1 Nuclear Magnetic Resonance Spectrometer 
Machine 400MHz Model 


G-2.2 NMR Sample Tube 
G-2.3 Electronic Balance 


G-2.4 Spatula 


G-3 REAGENTS 

G-3.1 Deuterated Chloroform (CDCI3) 
G-3.2 Tetra Methyl Silane (TMS) 
G-3.3 Natural Indigo Dye 


G-3.4 Synthetic Indigo Dye 
NOTE — All reagents shall be of analytical purity. 


G-4 PROCEDURE 


For 1H spectra of indigo dyes, the quantity of material 
required is about 5 to 25 mg is dissolved in 0.7 ml 
of deuterated chloroform (CDCL) solvent in special 
NMR tube. It is possible to obtain spectra from smaller 
quantities, but at very low concentrations, the peaks 
from common contaminants such as water and grease 
tend to dominate the spectrum and measured in any 
NMR spectrometer. 


G-5 OBSERVATION 


Peak Reading | In Synthetic | In Natural | Comment (Describing Difference with Reason)! 

Received at | Indigo Indigo H NMR Measurements were Obtained on Jeol 

(ppm) JNM LA 400MHz Model with SiMe, as the 
Internal Reference in CDCI, Solvent. 
Scans : 64 times 
Spinning : 14 Hz Temp : 19.6 °C 

7.26-7.24 7.2625 7.2632,7.2400 Aromatic protons since natural indigo has indigotin 
and indigorubin so two peaks while, synthetic 
indigo shows presence of only one type of aromatic 
proton 

2.10 2.1009 Glycosidic bonds only present in Natural 

1.62-1.56 1.5694 1.6213 

1.25 1.2570 1.2533 

0.87 and 0.8799 
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Fic. 14 NMR SPECTRA OF NATURAL INDIGO 
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Fic. 15 NMR SPECTRA OF SYNTHETIC INDIGO 


Gb CONCLUSION indigo shows only one peak at 7.2625. The NMR spectra 


The testing procedure confirm that the product showing are based on the supplied samples and their molecular 


peaks as 7.2632 and 7.2400 which are due to natural composition of the colorants, Presence of glycosidic 
mixtures of indigotin and indigorubin which are bonds at 2.1009 ppm is only in natural indigo and is a 
characteristics of natural indigo whereas synthetic diagnostic peak for identification of natural indigo. 
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ANNEX H 
( Clause 1 and 5.3 ) 
EXTRACTION OF NATURAL INDIGO DYE FROM DYED SWATCHES 


H-1 PRINCIPLE 


The solvent (in soxhlet) extraction of dyed samples 
is necessary to release the dyes from the dyed fabric 
samples. 


H-2 PROCEDURE 


The solvent (in soxhlet) extraction of dyed samples 
is necessary to release the dyes from the dyed cotton 
samples. 50 gm of dyed cotton samples from natural 
indigo and synthetic indigo dye are separately cut into 
small pieces and packed in a filter paper as a filter 
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paper column. The packed filter paper column is put for 
soxhlet extraction for 6-8 h with methanol as solvent 
for extraction, temperature was set at 60°C, till all the 
color is discharged. Remove the solvent in a vacuum 
rotatory evaporator to dryness. 


H-3 OBSERVATION 


The sample is now ready for used for chromatographic 
and spectroscopic analysis as per the methods described 
in Annex C to G. 
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ANNEX J 
( Foreword ) 
COMMITTEE COMPOSITION 
Textile Speciality Chemicals and Dyestuffs Sectional Committee, TXD 07 


Organization 


Department for Jute and Fibre Technology 
Institute of Jute Technology 
University of Calcutta 


Ahmedabad Textile Industry’s Research 
Association, Ahmedabad 


Ama Herbals, Lucknow 
Atul Ltd (Colors Division), Atul 


Archroma India Pvt Limited, Mumbai 


Central Institute for Research on Cotton 
Technology, Mumbai 


Department for Jute and Fibre Technology 
Institute of Jute Technology 
University of Calcutta 


Indian Institute of Technology, Kanpur 


Indian Jute Industries Research Association 
Kolkata 


Jaysynth Dye-Chem, Mumbai 

National Peroxide Limited, Mumbai 

Northern India Textile Research Association 
Ghaziabad 

Office of the Textile Commissioner Mumbai 


S GS India Pvt Ltd, Gurugram 


Surya Processors Pvt Ltd, Ghaziabad 


Textiles Committee, Mumbai 


The Arvind Mills Limited, Ahmedabad 


The Bombay Textile Research Association Mumbai 


The South India Textile Research Association 


Coimbatore 


The Synthetic and Art Silk Mills Research 
Association, Mumbai 


U P Textile Technology Institute, Kanpur 


Representative(s) 


Pror A. K. SAMANTA (Chairman) 


SHRI C. R. PRAYAG 
Ms BiPAsHA Marti (Alternate) 


SHRI Y. A. SHAH 


DR AsHOK ATHALYE 
SHRI ARINDAM CHAKRABORTY (Alternate) 


SHRI RAJESH RAMAMURTHY 
SHRI AsHIM GHOSH (Alternate) 


Dr SUJATA SAXENA 
Dn A. S. M. Rasa (Alternate) 


Dn D. Das 
Pror S. K. Guosu (Alternate) 


Dr PADMA S. VANKAR 


Dn S. K. CHAKRABARTI 
SHRI SANDIP Basu (Alternate) 


SHRI S. C. SHARMA 
SHRI P. M. RESHAMWALA (Alternate) 


Suni K. H. DESHPANDE 
Suri V. N. Josi (Alternate) 


Dr M. S. PARMAR 


SHRI B. B. BHARTI 
SHRI M. BALASUBRAMANIAN (Alternate) 


SHRI GoUTAM KUMAR SWAIN 
Ms Niti Kumar (Alternate) 


Suri G. GANGA REDDY 


SMT SHILPI CHAUHAN 
SHRI PARVEZ AHMED (Alternate) 


SHRI RAJARSHI GHOSH 
SHRI UMASANKAR MAHAPATRA (Alternate) 


Suri M. P. SATHIANARAYANAN 
SMT SAROJ VAIRAGI (Alternate) 


Dr PRAKASH VASUDEVAN 
SHRI S. SIVAKUMAR (Alternate) 


Dr MANISHA MATHUR 
Dr RACHNA SHUKLA (Alternate) 


PROF ABHA BHARGAVA 
Dr Arun Patra (Alternate) 
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Organization Representative(s) 
Universal Starch Chem Allied Limited Dhule SHRI D. A. PATIL 
Wool Research Association, Thane SMT Smita BAIT 
SHRI CHETAN MAHAJAN (Alternate) 
Director General, BIS SHRI A. K. BERA 


SCIENTIST ‘F’ AND Hean (TXD) 
[ REPRESENTING DIRECTOR GENERAL ( Ex-officio ) | 


Member Secretary 
SHRI A. K. BERA 
ScIENTIST ‘F’ AND HEAD (TXD), BIS 
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